Global change: Scientific understanding and
challenges for the future
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"Some say it's irrevocable, others say it's irreversible. Given
such an absence of consensus | suggest we do nothing drastic.”




Global change, climate change, global
warming?

m \Warming is the greatest driver of global
change

But warming will not happen everywhere
m Many other climate changes expected:

Hydrological cycle
Extreme weather

m Effects extend throughout Earth system:
Less snow and ice
Ocean acidification by carbon dioxide




Do people understand the challenge?
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Scientific consensus vs. public confusion
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From “Twenty questions and answers about climate change” (Sally Ride Science and Climate Central, 2010)




Scientists are often not even in the public

discourse on global change
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International and national scientific
consensus on global change

m |IPCC - Intergovernmental Panel on Climate Change

Latest (2007) report concludes: “Warming of the
climate system is unequivocal, as is now evident
from observations of increases in global average air
and ocean temperatures, widespread melting of snow
and ice, and rising global average sea level.”

m AGU — American Geophysical Union
41,000 Earth and space scientists

“Human activities are increasingly altering the
Earth's climate... Scientific evidence strongly indicates
that natural influences cannot explain the rapid
increase in global near-surface temperatures...”




Mounting evidence that the climate Is
already warming

m First 8 months of 2012 hottest ever
recorded (1 deg F warmer than record)

m 2000-09 was warmest decade on record
1990s second warmest

m Arctic sea ice, Greenland land ice
diminishing faster than expected

m Glaciers in retreat worldwide
= Antarctic ice shelves degrading




Long term temperature record

(to 2011)
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Warming is uneven

Land & Ocean Temperature Anomalies Jul 2012
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Uneven distribution of warming observed
so far in the US
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http://www.usda.gov/img/content/EffectsofClimateChangeonUSEcosystem.pdf




Arctic Sea Ice ppeerenenmy
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Land Ice
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Historical sea level record
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The greenhouse gy
effect

Heat-trapping gases make
the Earth’ s surface warm

Human activities -- fossil fuel
combustion, agriculture,
deforestation -- increase
heat-trapping “greenhouse
gases”

Carbon dioxide, methane,
nitrous oxide, ozone, CFCs

Heat balance of the land
surface also important
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The global climate system is complex!
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Diverse activities cause climate change

Global Emissions by Sector

ENERGY
EMISSIONS

Power

Transport
(14%)

Buildings

(8%)

Total emissions in 2000 42 GICO.e

Industry (14%)

Other energy
p related (5%)

Agriculture
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NON-ENERGY

EMISSIONS
Land use

(18%)

ON THE ECONOMICS
OF CLIMATE CHANGE




Fossil fuel contributions

U.S.

, Air travel -
Home heating Electricity

and cooking in the Non-U.S.
workplace Industrialized

Home Countries

electricity

Rest of
the World

Personal .
driving - Heating and

other fuels in
Other transportation  the workplace
(trucks, trains, etc.)
Average
Per-Capita CO,
19.9 metric tons of €0, 8.4 metrictons of (0, 2.7 metric tons of (0, Emissions from
per person per year per person per year per person per year Fossil Fuels in
2005 The U.S. emits
POPULATION 0.3 billion (5% of world) 0.9 bilion (12% of world) 5.3 billion (82% of world) Y153 0 BT I T
person than the rest
(0, EMISSIONS (TONS) 5.9 billion (21% of world) 7.3 billion (27% of world) ~ 14.3 billion (5.2% of world) of the world; it also
emits more than other
developed countries.

From “Twenty questions and answers about climate change” (Sally Ride Science and Climate Central, 2010)




World Resources Institute: http://pdf.wri.org/world_greenhouse_gas_emissions_2005_chart.pdf

World Greenhouse Gas Emissions in 2005

Total: 44,153 MtCO, eq.
Sector End Use/Activity

Residential Buildings

Commercial Buildings

(tropics only)
Deforestation
Afforestation HFCs, PFCs,
Harvest/Management

Sources & Notes: All data are for 2005. All calculations are based on CO, equivalents, using 100-year global warming potentials from the IPCC (1996), based on a total global estimate of
44,153 MtCO2 equivalent. See Appendix 2 of Navigating the Numbers: Greenhouse Gas Data & International Climate Policy (WRI, 2005) for a detailed description of sector and end use/activity

definitions, as well as data sources. Dotted lines represent flows of less than 0.1% percent of total GHG emissions.
* Land Use Change includes both emissions and absorptions, and is based on analysis that uses revised methodologies compared to previous versions of this chart. These data are subject to significant uncertainties.




Recent carbon dioxide record
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[ ong-term carbon dioxide record
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Atmospheric carbon dioxide increase

m Combustion of fossil
fuels is main source

Land use change,
causing reduction in
organic carbon stocks, is
also important

Accounts for ~70% of
greenhouse forcing to
date

Carbon Dioxide (ppm)

Radiative Forcing (W m™)

IPCC (2007)




Atmospheric methane,

nitrous oxide increases ™

Methane (ppb
g

Methane mainly from
rice paddies, ruminant
livestock, natural gas, 500
landfills

Nitrous oxide mainly
from agriculture

Rates of increase are

greater than carbon
dioxide

Both are more potent
greenhouse gases

IPCC (2007)
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Global climate projections
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Does this projected temperature change matter?

Warmer
water feels
great!

Global average temperatures
could increase from 4-7°F

The difference between the Ice
Age and now was only 9-11°F!

Rate of warming will be faster
than at any time in the past
10,000 years

High latitudes including Great
Lakes region will warm more

Arctic warming may exceed range
over the past million years

IPCC (2007); UCS/ESA (2003); Houghton (2004)




Future warming will be unevenly distributed
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Projected rise in sea level

Already
iIncreased
~20 cm (8
inches)
Thermal
expansion,

glacier
melting

Delay to
equilibrate

Dange (em)

IPCC (2007) data; chart from skepticalscience.com




Recent rise in sea level vs. projections

dbservations
."-‘»0_:!‘J 1300
m Our models
may be too
conservative

Al e
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IPCC (2007) and Allison et al. (2009) data; chart from skepticalscience.com




Sea level rise and coastal ecosystems

municipality Now York  * B)oitgon

- ".
D % area susceptible @ 6-meter rise & 34% i
. °?

- IPCC (2007) se3 “"»area susceptible @ 1-meter rise 0 %, “ i
level projections do |  &meterrs Washington *.&
1-meter rise 13% X
not account for : = oo
possibility of sz o @ o
massive loss of land o s e R S

Ice T @91 @ 1% 7 Jacksonville

6 m rise is possible

with loss of much of

the susceptible ice

In either Greenland

Or AntarCt|Ca Fig. 1. Spatal extent of 1. and 6.m potential future sea-fevel rise along the East and Gulf coadts of the

United States and for wiected magor coatayl municipaition Devation and conmectvity 1o the ocean
deter e s level rise extert. Proportion of Land ared within murscpalities comcident with sea level rae
extent determnes percentage of susceptibie ares. The U S Geclogical Survey and Census Bureau provided

levation and murscipality Boundary data, revpectively

Overpeck and Weiss 2009




We 're already committed to a
warmer world

m Impacts of greenhouse
gases are long-lasting

m Oceans delay to warm

m Even with immediate
stabilization of greenhouse
gas emissions, warming
would continue for
decades

FORCING

EQUILIBRIUM
TEMPERATURE

REALIZED
TEMPERATURE

TEMPERATURE RISE




Our irreversible : G i et ]
commitment to : —— 2%iyear growtn |
climate change

1o peak
— - nrgindustnial

Models illustrate what
would happen if
emissions ceased after 1800 2000 2200 2400 2600 2800
reaching certain peaks . v .

Long lifetime of CO, | Gkl wvingn
plus ocean heat

exchange largely
explain these results

Surface Warming (K)

1800 2000 2200 2400 2600 2800

Solomon S et al. PNAS 2009;106:1704-1709



Projections for the
Great Lakes region mmge

= All models agree on warming

m Specific details are more

uncertain at regional to local
scales

m Most likely:

Wetter winters and springs

Warmer nighttime
temperatures

Less snow and ice
More extreme weather




Migrating climate
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Michigan’s Climate
Migrates South

Changes in average summer
“heat index”—a measure

of how hot it actually feels
based on a specific combi-
nation of temperature and
humidity—could strongly
affect Midwesterners' qual-
ity of life in the future. For
example, the red outlines
track what summers in
Michigan could feel like over
the course of the century
under the higher-emissions
scenario; the yellow outlines
track what summers could
feel like under the lower-
emissions scenario.




Extreme weather
more common?

m New studies show
greater probability
(“loaded dice” analogy)

Heavy precipitation
Droughts

Damaging storm events
Hurricanes?

m Still cannot attribute a

particular event to
climate change

Only its probability

KALAMAZOO

GAZETTI*
S(ORCHED EARTH

*This is the
worst It's
over been,

“Our scle
source of
livelihood
Is pumping
water from
that creok™
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Fcosystem impacts of
global change

m Massive changes in ecosystems
are possible, such as:

Distributions of plants and
animals

Loss of entire ecosystems (e.qg.,
coral reefs, montane rain forests)

Activity of pests and pathogens
(e.g., bark beetles)

s Magnitude and rate of change are
iImportant, as are interactions with
human activities




Fcosystem feedbacks and global climate
change?

m Ecological feedbacks could potentially alter the
course of global environmental change, but
remain poorly understood.

m Examples:

The CO, fertilization effect on forests (reduces
climate change)

Higher temperatures may stimulate respiration
rates more than photosynthetic rates (enhances
climate change)

Higher temperatures may stimulate methane
production in high-latitude wetlands (enhances
climate change)

Human activities in response to ecosystem
changes (77?)




Will humanity succeed in stemming the
rate of climate change?

m Kyoto agreement as an e
example of the political >
challenges that lie ahead f RS
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m The war for public opinion
Role of special interest
groups

m Rising likelihood of action =>

rising resistance to defend
the status quo
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Is climate stabilization too costly?

(If yes, for whom and over what timescale??)

Projected Impacts of Climate Change
Global temperature change (relative to pre-industrial)

0°C 1°C 2°C 3°C 4°C 5°C
Food Falling crop yields in many areas, partic
dovoloping regions T
Possible rising Falling yields in |

some high lati developed

Water ., .,

e g
supplies

several areas

Ecosystems

Extensive D Rising number of species MD

< - . See more
Extreme . detailed figure
Weather Rising intensity of storms, forest fires, MD in IPCC 2007
Events Summary for

Risk of Abrupt and Policy-makers
Major Irreversible
Changes

Sea level n’soﬁf
threatens

ON THE ECONOMICS
OF CLIMATE CHANGE

Increasing nisk of dangcmus
abrupt, large-scale shifts in



Geoengineering: Technology to the
rescue?

No geoengineering
method “can provide
an easy or readily
acceptable alternative
solution...” (Royal
Society of London,

2009)

Yet we should be
studying options in
case we need them!

http://iis-db.stanford.edu/news/1881/gallery/actual/1881-small_geoengineering_scenarios.jpg




A suite of solutions Is the best choice

Projected, based on Contributions to 2050 Goal
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From “Twenty questions and answers about climate change” (Sally Ride Science and Climate Central, 2010)



“What kind of world will our
grandchildren inherit?”

m \We can moderate the pace
and severity of climate
change!

= Stabilization of greenhouse
gas emissions is a start

= Reductions are imperative ~ [[124
In the long term
m No single silver bullet...
Conserve
Invent
Mitigate
Adapt




Professors, graduate students, and K-12
teachers all have important roles

Educate yourself on the
subject!

If challenged, seek help!

Scientists of all fields are
trained to recognize and
seek out reliable sources of
information

We would be remiss in our
duty if we ignore or
downplay global change...
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Climate Change Denial Is
Affecting Education

January Sth, 2012

Climate change dental is already threatening the Wategrity of science education In
formal and irformal educalion settings. In the pubiic schools, uch threats are
primanty due to laws adopted or considered at the leved of state government,
policies adopled of coraldenad al the level of the local whodl dulrict, and actiom
adopted or corsidered at the leved of the Individeal classroom, where teachers may
other deny climate change thomssives Of oacounter preisure from climate charge
denters In the community, The following 15 a setection of recent (from 2007 to
2011) Incidents, intended 1o be illustrative rather than compreherdive; NCSE &
now rostinely mon tering cases of climate change denial affecting education

At the state level

In 2010, South Daketa’s legislature adopted House Concurrent Resolution 1009, In
which il stees of the pillans of cimate change donial were on display, The

resolution




